SYNPOSIS A method is described for the assay of isoniazid in serum and other fluids by diffusion along slopes of Lowenstein-Jensen medium inoculated with tubercle bacilli. The method is convenient, rapid and robust, but is less accurate than diffusion systems for the assay of some other substances.
Methods for the microbiological assay of isoniazid by diffusion along slopes of egg medium inoculated with M. tuberculosis have been described by Schmiedel (1954, 1958a and b) and by Grosset and Canetti (1958, 1960) . Diffusion methods for the assay of isoniazid in serum are considered by several authors (Schmidt, 1962; Dufour, Knight, and Harris, 1963; Sunahara, Urano, Lin, Cheg, and Jarumilinda, 1963) to be more convenient and precise than dilution methods. We have used a diffusion method for the past four years. This method is described here, since it differs in certain respects from the previous methods and since a number of factors affecting the assay have been studied. METHOD TEST STRAIN A streptomycin-resistant variant of strain H37Rv was obtained by heavy inoculation on to Lowenstein-Jensen medium containing 1,024 ,ug./ml. streptomycin. Resistant colonies were subcultured into 7H-10 Tween-albumin liquid medium (Cohn, Middlebrook, and Russell, 1959) containing 100 pg./ml. streptomycin and the strain was maintained by serial subcultivation on the same medium.
MEDIUM Lowcnstein-Jensen medium without potato starch (Jensen, 1955) , containing 100ig./ml. streptomycin, was distributed in 4 ml. volumes into 16 x 150 mm. test tubes which were closed with rubber bungs, pierced by cotton-wool-plugged, 17 gauge hypodermic needles to prevent the bungs blowing out during inspissation. The medium was inspissated for 50 min. at 85°C. with the tubes lying horizontally, so that a uniform layer of medium was obtained along the tubes. The tubes containing medium are referred to below as 'slopes'. INOCULATION OF THE SLOPES The water of condensation was first removed from the slopes with a Pasteur pipette.
Received for publication 16 March 1964. Inoculation was then done with a long wire ending in a loop wrapped round a felt cylinder, 6 mm. dia x 8 mm., conveniently cut from the nib of a Flowmaster pen (Stuart Thompson Ltd., Wembley, Mdsx.) and sterilized by hot air. The cylinder was dipped in a 1:4 dilution of a 10-day culture of the test strain, drained free of surplus liquid, and drawn once down and up the centre of the entire length of the Lowenstein-Jensen medium slope with the circular end of the cylinder flat on the surface of the medium.
MATERIAL TO BE ASSAYED The serum or other fluid to be assayed was warmed to 56°C. and mixed with melted 4% aqueous agar (New Zealand agar, Davis Gelatine Ltd., Warwick) in the proportion of I ml. serum to 0-2 ml. agar. Control solutions containing known concentrations of isoniazid in water or serum were also mixed with agar. With a 1 ml. pipette, 0 5 ml. of the mixture was added to the base of a slope and allowed to set with the slope standing vertically; in this way a solid butt was formed which did not slop over the surface of the slope during subsequent handling. In the work to be described at least three different control solutions were used in each experiment. However, since a linear relationship was found between the length of the zone of inhibition and the logarithm of the isoniazid concentration, it is not necessary to set up more than two control solutions in the routine assay of serum. These should be chosen at the lower and the upper limits of the concentrations expected; concentrations of 0-1 and tg./ml. isoniazid would be suitable for most purposes.
A reasonable degree of accuracy may be obtained by setting up each of the sera to be assayed on three slopes and each of the two control solutions on five slopes. Control solutions should theoretically be prepared in human serum, since, as will be shown, the concentrations in serum are assayed as 70-80 % of those in water. However, for most purposes, the use of control solutions in water can be recommended on grounds of convenience. period of 10 days was found to be the most satisfactory. Their tubes were then marked with a grease pencil (1) [zg./ml. this occurred more frequently. No bias appeared to be introduced by the omission of these slopes in calculating the means. Furthermore, the variation between replicate slopes in some assays was greater with higher concentrations of isoniazid (12-8 ,ug./ml. and above) than with lower concentrations. The useful range of the method thus appears to be about 01 to 12-8 tLg./ml.
RESULTS

RELATIONSHIP BETWEEN ZONE OF INHIBITION AND
ISONIAZID CONCENTRATION The relationship between the zone of inhibition on the slopes after 10 days' incubation, and the concentration of isoniazid in serial two-fold dilutions in water is shown in Table I . The mean length of the zones increased from 17-7 mm. with 0 1 ,ug./ml. isoniazid to 66-3 mm. with 12 8 ug./ml. The analysis of variance indicates that the zones of inhibition were linearly related to log isoniazid concentration. Analyses of other similar experiments also indicated a satisfactory linear relationship. However, both the slope of the line and the mean size of the zones of inhibition varied from experiment to experiment, so that it is essential that a set of control solutions containing known concentrations of isoniazid be set up in each batch of assays.
As the period of incubation of the slopes was prolonged, the zones of inhibition became smaller. In the experiment shown in Table I , the zones at 14 days and at 21 days were, on average, smaller than the 10-day zones by 4-8 mm. and 7 7 mm., respectively. The dilution of the culture used for inoculating the slopes was studied in an experiment which was also designed to investigate the influence of the volume of the agar butt containing the material to be assayed (Table 1I ). An undiluted nine-day culture of the test strain, a 1:4 dilution of this culture, and a 1:16 dilution were each inoculated on to 12 slopes with the felt spreader. Solutions of 0-2, 0 6, and 1-8 ,ug./ml. isoniazid in water were mixed with agar and added in volumes of 0-25, 0 5, 1 0, and 2-0 ml. to the base of the slopes. The mean zones of inhibition for the undiluted cultures were 27-75 mm. for the undiluted culture, 30 33 mm. for the 1:4 dilution, and 33-67 mm. for the 1 :16 dilution. Since the undiluted culture yielded small zones with 0-2 ,tg./ml. isoniazid and the edge of the zone of inhibition was difficult to read with the 1 :16 dilution, the 1:4 dilution appeared to be the most satisfactory and was used in further work. It can be concluded that the age of the test culture is not critical. However, In experiment 8 (Table III) isoniazid was added to sera from eight subjects in concentrations of it The volume of thedagar 04 jsg./ml. and 32 jug./ml., each concentration in the slopes was also studied each serum being assayed in four slopes. At the -ated in Table II . The mean same time, solutions in water containing the same h volumes of 0 25, 0 5, 1 0, two concentrations of isoniazid were each assayed s were 23 4, 31 8, 31 4, and on 12 slopes. The recoveries from the eight scra rease in the volume of the were 59%, 71%, 720%. 75%, 7500, 7800, and 79 0/ zones of inhibition, particu-respectively. The variation between the recovery were increased from 025 to rates from the individual sera was significant ml. was chosen for further (P = 0 01). The existence of variation in the recovery nsitivity to variation in butt from different human sera will therefore increase the At compromise between the error of the method unless control solutions can be ie serum to be assayed and made up in drug-free serum from the patient whose tion with low concentrations serum is to be assayed (a procedure that is only possible in exceptional circumstances). 'Mean concentration estimated in serum
Mean concentration added to serum 2The details of experiment 9 are set out in Table IV. group.bmj.com on June 22, 2017 -Published by http://jcp.bmj.com/ Downloaded from Haemolysis in serum did not appear to affect the assay, since the addition of 5 % human red cells lysed by freezing and thawing to human serum did not alter the zones of inhibition. The zones produced by isoniazid in oxalated or heparinized blood were, however, smaller than the zones produced by the same concentration in serum.
concentrations). In calculating the error of the method the known concentrations and the corrected estimate were converted to logarithms. The standard deviation of the difference between the known concentration and the corrected estimate was ± 0-169 log1o ,ug./ml.; in terms of jug./ml. the standard deviation was therefore +47% and -32%.
ACCURACY OF THE ASSAY Isoniazid was added to 32 human sera in known randomly chosen concentrations within the range 0-2 to 3-2 pg./ml. The sera were then assayed in five batches of tests with one set of water controls containing 0-2 and 3-2 jug./ml. isoniazid in each batch; three slopes were used for each serum and five slopes for each of the water controls. In Table IV are set out the concentrations of isoniazid added to the serum, the concentrations estimated from the assay by reference to the water control, and the estimated concentrations corrected for the low recovery from serum by multiplying by 1-431 (a correction which equalizes the geometric means of the known and the estimated The results of the assay can therefore only be obtained several days after it has been set up. Chemical methods for measuring isoniazid in serum give a rapid result, but those available either cannot measure low concentrations (Maher, Whitney, Chambers, and Stanonis, 1957) or require expensive equipment (Peters, 1960 Grosset and Canetti (1960) have shown that the addition of 500 ,tg./ml. p-aminobenzoic acid (P.A.B.A.) to the serum will antagonize the activity of any concentration of P.A.S. likely to be present in the serum. Addition of 3,000 tsg./ml. P.A.B.A. to the 4 agar mixed with the serum will thus allow the estimation of isoniazid in the presence of P.A.S.
